exposure to ambient fine particulate matter (PM 2.5 ) air pollution is associated with increased cardiopulmonary mortality (1) . However, the role of PM 2.5 in the etiology of lung cancer is less clear, particularly at concentrations that prevail in developed countries (~ 5 to 35 µg/m 3 ) and in never smokers (2) . In China, high levels of indoor air pollution due to coal and biomass burning contribute to high lung cancer rates observed even among non-smoking women (3) . There are also high background concentrations (> 100 µg/m 3 ) of outdoor air pollution in some industrial regions of the country (2) .
Given the strong relationship between cigarette smoking and lung cancer risk, evidence of an association between PM 2.5 and lung cancer is more convincing when observed among never smokers, as compared to current or former smokers, due to possible residual confounding by cigarette smoking (4, 5) . A previous analysis of the American Cancer Society (ACS) Cancer Prevention Study-II (CPS-II), based on 16-years of follow-up data of approximately 500,000
included participants controlling for measured parameters of active smoking, found an 8% (95% confidence interval (CI) 1-16%) increase in lung cancer mortality for each 10 µg/m 3 increase in PM 2.5 concentrations (6). The risk was somewhat higher, although statistically insignificant when restricted to the subgroup of never smokers. An extended analysis of the Harvard Six
Cities Study (n=8,096) found a positive association between PM 2.5 and lung cancer mortality Despite this, the World Health Organization has estimated that long-term PM 2.5 exposure is responsible for approximately 5% of all cancers of the trachea, bronchus, and lung (9) . To address the potential for residual confounding by cigarette smoking status, the present study examined associations between mean long-term ambient PM 2.5 concentrations and lung cancer mortality in a 26-year (1982-2008) prospective follow-up of 188,699 lifelong never smoking CPS-II participants.
METHODS

Study Population
The CPS-II is a prospective study of nearly 
Statistical Analysis
Cox proportional hazards regression models were used to examine the independent effects of PM 2.5 concentrations on lung cancer mortality in lifelong never smokers. The proportional hazards models were stratified by one-year age categories, sex, and race (white, black, other). Potential effect modification was assessed by including multiplicative interaction terms between PM 2.5 concentrations and each risk factor in the proportional hazards models. Two-sided pvalues were calculated to assess the significance of the interaction term using the likelihood ratio statistic. In order to assess the impact of attained age, time-dependent variables were constructed by allowing participants to be included in the risk set at each death time only if they met the attained age criteria for the model (<70, 70-79, or ≥80 years). The significance of an interaction term between PM 2.5 and follow-up time was used to assess the plausibility of the proportional hazards assumption.
All analyses were conducted using SAS version 9. The three PM 2.5 measures were strongly correlated (r = 0.72 to 0.96) whereas weak inverse correlations were observed between PM 2.5 and radon (Table 2) . Table 3 presents the distribution of selected participant characteristics overall and in relation to PM 2.5 (1999-2000) concentrations. The majority of participants were between 50 and 69 years of age, were female, and had some post-secondary education. There was a tendency for higher PM 2.5 concentrations to be observed in participants who were non-white, had a lower level of educational attainment, had a higher BMI, were non-married, and had a lower intake of vegetables/fruit/fiber.
Adjusted HRs (95% CIs) for lung cancer mortality in relation to mean PM 2.5 concentrations are presented in Table 4 . In the partially-adjusted model, each 10 µg/m 3 increase in PM 2.5 was associated with a significant 19-30% increase in the risk of lung cancer death, depending on the specific PM 2.5 measure used. Results were similar although slightly attenuated in the fully- Table E1 in the online data supplement). There was no evidence that the proportional hazards assumption was violated (p > 0.05).
Mean PM 2.5 (1999-2000) concentrations were weakly correlated with socio-demographic ecological covariates (r's ranged from -0.22 to 0.22) (Table E2 ). There was little change in results observed with the inclusion of ecological covariates from any time period in the model. Although the present study was based on mortality; inferences about the incidence of highly fatal diseases such as lung cancer may be reasonably approximated using mortality-based data.
Similar associations between ambient air pollution and both lung cancer incidence and mortality were also observed in other recent work (23, 24, 28, 29 * Age, race, gender, stratified and adjusted for education, marital status, body mass index, body mass index squared, passive smoking, vegetable/fruit/fiber consumption, fat consumption, industrial exposures, occupation dirtiness index, and mean county-level residential radon concentrations. † Ecological variables included here were: 1980: median household income, % air conditioning, % non-white, % population with post-secondary education at 18 years, % poverty, and % unemployment; 1990: median household income, % non-hispanic black, % hispanic, % population with post-secondary education at 18 years, % poverty, and % unemployment; 2000: median household income, % non-hispanic black, % hispanic, % population with postsecondary education at 25 years, % poverty, and % unemployment. Fully-adjusted HRs (95% CIs) for lung cancer mortality in relation to categorical indicators of mean PM2. 5 (1999-2000) concentrations, follow-up 1982-2008, never smokers, CPS-II cohort, US. The cutpoints between exposure categories were based on the 25th (11.8 µg/m3), 50th (14.3 µg/m3), 75th (16.0 µg/m3), and 90th (17.9 µg/m3) percentiles. The reference category was <11.8 µg/m3. Fully-adjusted HRs (95% CIs) were plotted at the category midpoint. 127x127mm (300 x 300 DPI)
